The low frequency vibration transmitted to the body can affect the comfort, performance, and health of humans. In this paper, the effect of variations in posture and vibration magnitude on the head motion in three translational axes (fore-and-aft, lateral and vertical) has been studied with a vertical seat vibration. Thirty healthy male subjects were exposed to random vibration with three vibration magnitudes of 0.4, 0.8, and 1.2 m/s 2 rms over the frequency range of 1-20 Hz. The results are analysed in terms of seat-to-head-transmissibility (STHT) for the head motions in two seated postures (backrest and leaning forward on table). The measurement of the head motion was made with an apparatus (bite-bar) specifically developed for this purpose. The measured responses to a single axis seat vibration have also shown notable cross-axis responses in both vertical and fore-and-aft axes for both postures. The crossaxis fore-aft and vertical STHT responses showed single peak near 5 Hz in both postures. An increasing intensity of vibration yields a non-linear softening effect in the muscle tension, particularly in the presence of back support, however, the body stiffens under a greater upper body motion in the forward leaning posture. The combined effect of the unsupported back and hands support was observed to be more pronounced around the resonance peak in the forward lean posture.
INTRODUCTION
The effect of vertical seat vibration on the human body is the most investigated topic in biodynamics. The effect of many variables (e.g., vibration magnitudes, seat condition, posture, and frequency) and the effect on numerous variables (e.g., transmissibility, comfort, task performance, vibration performance, etc.) have been well documented. Many experimental studies report consistent findings for the vertical response of the seated human body exposed to whole-body vertical vibration. A primary resonance has been found between 4 and 6 Hz in STHT responses.
1-8 A second resonance has been found between 8 and 12 Hz in some investigations, 5, 7 but it is less dominant. A few studies were cited in which vibration at the seat occurred in other axes of head motion. It was reported that the fore-and-aft head motion was affected by the vertical position on the head and vice-versa. 9 The range of idealized values of driving-point mechanical impedance and the apparent mass of seated occupants exposed to vertical vibration, defined in ISO 5982 (2001), is considered applicable only for an erect sitting posture with no back support. 10 The effect of vibration magnitude on the transmission of seat vibration to the head has been studied by many researchers in an attempt to explain whether the human body behaves in a linear or a nonlinear manner. Griffin et al. investigated the effect of seat vibration magnitude on motion transmitted to the head, varying in seven equal-magnitude increments from 0.4 m/s 2 to 2.8 m/s 2 rms. 11 It was pointed out that the effect was smaller than the variation found within and between individuals. Hinz and Seidel reported a decrease in STHT resonance frequency from 5 to 3.8 Hz, when the vibration was increased from 1.5 to 3.0 m/s 2 rms.
4
The effect of the sitting posture on the biodynamic response has been a complex issue. The differences in the body postural variations result in considerable variability of the 12 measured biodynamic data. It has been shown that the type of backrest on a seat can affect the level of vibration reaching the head [13] [14] [15] and that the effect is dependent on the axis of vibration of the seat. 16 Coermann investigated the effect of two body postures, relaxed and erect, on vertical STHT. 1 The results revealed that a relaxed posture transmitted more motion to the head for frequencies below about 5 Hz, and substantially more head motion occurred with the subject sitting in an erect posture for frequencies between 5 Hz and 20 Hz. A slight increase in resonance frequency from 4.5 Hz to 5.2 Hz was observed when the posture 17 changed from relaxed to erect. Griffin 17 examined the effect of eight sitting postures ranging from erect to slouched on the transmission of vertical vibration from the seat to the head. An erect body posture increased transmissibility at all frequencies above 3 Hz with approximately a fourfold increase in the range of 15 to 25 Hz and unity at 25 Hz, whilst the transmissibility in the slouched posture found below unity above 3 Hz. The authors however, express doubts about whether the
